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(57) ABSTRACT 
There is provided a flexible semiconductor device. The flex 
ible semiconductor device of the present invention comprises 
a metal layer comprising a gate electrode, a source electrode 
and a drain electrode; a metal oxide film made from a metal 
which constitutes the metal layer and formed over a surface 
region of the metal layer, and a semiconductor layer formed 
above the gate electrode via the metal oxide film. In the 
flexible semiconductor device, uncovered portions, each of 
which is not covered with the metal oxide film, are locally 
formed in the Surface region of the metal layer; and also 
electrical connections are formed between the source elec 
trode and the semiconductor layer and between the drain 
electrode and the semiconductor layer via the uncovered por 
tions. 
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1. 

FLEXBLE SEMCONDUCTORDEVICE 

TECHNICAL FIELD 

The present invention relates to a flexible semiconductor 
device with its flexibility, and also a method for manufactur 
ing the same. In particular, the present invention relates to the 
flexible semiconductor device which can be used as a TFT, 
and also the method for manufacturing the same. 

BACKGROUND OF THE INVENTION 

There is a growing need for a flat-panel display as an image 
display device with a wide spreading use of information 
terminals. With further advancement of informatization, 
there are also increasing opportunities in which information, 
which has been conventionally provided by paper medium, is 
digitized. Particularly, the needs for an electronic paper or a 
digital paper have been recently increasing since they are thin 
and light weight mobile display media which can be easily 
held and carried (see Patent document 1, described below). 

Generally, the display medium of a flat panel display 
device is formed by using an element such as a liquid crystal, 
an organic EL (organic electroluminescence) and an electro 
phoresis. In Such display medium, a technology which uses 
an active drive element (TFT element) as an image drive 
element has become a mainstream in order to secure a uni 
formity of the screen luminosity and a screen rewriting speed 
and so forth. In the conventional display device, TFT ele 
ments are formed on a glass Substrate, and a liquid crystal 
element, an organic EL element or the like is sealed. 
As a TFT element, semiconductors including a-Si (amor 

phous silicon) and p-Si (polysilicon) can be mainly used. 
These Si Semiconductors (together with metal films, as nec 
essary) are multilayered, and also each of a source electrode, 
a drain electrode and a gate electrode is sequentially stacked 
on a Substrate, which leads to an achievement of the produc 
tion of the TFT element. 

The conventional method of manufacturing a TFT element 
using Si materials includes one or more steps with a high 
temperature, so that there is an additional restriction that the 
material of the Substrate should resists a high process tem 
perature. For this reason, it is required in practice to use a 
glass as the material of the Substrate. In the meanwhile, it may 
be possible to use a quartz. Substrate. However a quartz. Sub 
strate is so expensive that an economical problem arises when 
Scaling up of the display panels. Therefore a glass Substrate is 
generally used as a Substrate for forming such TFT elements. 

However, when the thin display panel as described above is 
produced by using the conventionally known glass Substrate, 
there is a possibility that such display panel has a heavy 
weight, lacks flexibility and breaks due to a shock when it is 
fallen down. These problems, which are attributable to the 
formation of a TFT element on a glass Substrate, are so unde 
sirable in light of the needs for a portable thin display having 
light weight with the advancement of informatization. 

From the standpoint of obtaining a substrate having flex 
ibility and light weight so as to meet the needs for a light 
weight and thin display, there is a development of a flexible 
semiconductor device wherein TFT elements are formed on a 
resin substrate (i.e. plastic substrate). For example, Patent 
document 2 (see below) discloses a technique in which a TFT 
element is formed on a Substrate (i.e. glass Substrate) by a 
process which is almost the same as conventional process, 
and subsequently the TFT element is peeled from the glass 
substrate and then transferred onto a resin substrate. In this 
technique, a TFT element is formed on a glass Substrate and 
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2 
the TFT element together with the glass substrate is adhered 
to a resin Substrate via a sealing layer (e.g. an acrylic resin 
layer), and Subsequently the glass Substrate is finally peeled 
thereof. As a result, the TFT element can be transferred onto 
the resin substrate. 

In the method for manufacturing a TFT element using Such 
a transference process, there is, however, a problem in the 
peeling step of the Substrate (i.e. glass Substrate). In other 
words, it is necessary to perform an additional treatment to 
decrease the adhesion between the substrate and the TFT 
element upon peeling the Substrate from the resin Substrate. 
Alternatively it is necessary to perform an additional treat 
ment to form a peel layer between the substrate and the TFT 
element and to physically or chemically remove a peel layer 
afterward. These additional treatments make the process 
complicated, so that another problem concerning productiv 
ity is caused. 

PATENT DOCUMENTS 

Patent document 1 Japanese Unexamined Patent Publica 
tion (Kokai) No. 2007-67263; and 
Patent document 2 Japanese Unexamined Patent Publica 
tion (Kokai) No. 2004-297084. 

SUMMARY OF THE INVENTION 

Problems to be Solved by the Invention 

It is considered to directly form a TFT element on the resin 
board (or plastic plate), not transferring the TFT element onto 
the resin board. In this case, a peeling step (or removing step) 
of the Support (i.e. glass Substrate) after the transfer becomes 
unnecessary, and thus a flexible semiconductor device can be 
simply and easily manufactured. 

However, since the resin board made of the acrylic resin or 
the like has a low heat resistance, the process temperature is 
restricted to be kept as low as possible upon producing the 
TFT elements. Therefore, the TFT elements that are directly 
formed on the resin board have concerns about the TFT per 
formance, as compared with the TFT elements that are 
formed through the transference process. 

For example, it is desirable to apply aheat treatment to the 
semiconductor material in order to improve the semiconduc 
tor properties (e.g. mobility). However, in the case where the 
TFT element is directly formed on the resin board, it is diffi 
cult to adopt Such heat treatment due to the restricted process 
temperature. Moreover, in order to decrease a gate Voltage, it 
is desirable to use an inorganic oxide with not only a high 
dielectric strength Voltage, but also its thinness as a gate 
insulating film and also a high dielectric constant. However, 
those inorganic oxides have such a problem to be improved in 
the production technology thereof that it is not easy to per 
form a machining (e.g. laser machining) due to the fact that 
the inorganic oxides are densified and have chemical stability. 
In particular, Such problem becomes significant when it 
comes to the flexible semiconductor device for a large sized 
SCC. 

The inventors of the present application tried to dissolve 
Such problems not by following up the conventional way, but 
by focusing on a new way. The present invention has been 
accomplished in view of the above matters, and a main object 
of the present invention is to provide a method for manufac 
turing a flexible semiconductor device which is excellent in 
productivity and thereby a flexible semiconductor device 
with a high performance is provided. 
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Means for Solving the Problem 

In order to solve the above-mentioned problems, the 
present invention provides a method for manufacturing a 
flexible semiconductor device comprising the steps of 

(i) providing a metal foil (or metal layer); 
(ii) oxidizing a surface region of the metal foil, and thereby 

forming a gate insulating film of a metal oxide film made from 
a metal which constitutes the metal foil; 

(iii) forming a semiconductor layer on the gate insulating 
film; and 

(iv) subjecting the metal foil to an etching treatment, and 
thereby forming a gate electrode, a source electrode and a 
drain electrode from the metal foil, 

wherein, in the step (ii), non-oxidized portion is formed in 
the surface region of the metal foil by preventing the oxida 
tion of at least one portion of the Surface region of the metal 
foil; and 

wherein the semiconductor layer is electrically intercon 
nected with each of the source and drain electrodes via the 
non-oxidized portions. It is preferred that the metal foil com 
prises a valve metal and that, in the step (ii), the Surface region 
of the metal foil is anodically oxidized to produce the metal 
oxide film from the valve metal, in which case such metal 
oxide film is used as the gate insulating film. It is also pre 
ferred that a resin layer is formed over the metal oxide film 
after the step (iii), so that the semiconductor layer is covered 
with the resin layer. 

For one thing, the manufacturing method of the flexible 
semiconductor device of the present invention is character 
ized in that the oxidation treatment of the surface region of the 
metal foil is locally and selectively performed, and that 
“metal oxide film’ obtained therefrom is used as the gate 
insulating film, and the “non-oxidized portion' is used as a 
via (i.e. an interlayer connecting portion). The manufacturing 
method of the present invention is also characterized in that 
the metal foil, which has been used as a raw material of the 
metal oxide film (i.e. "gate insulating film'), is also used as a 
constituent material of the electrodes (i.e. a constituent ele 
ment of the flexible semiconductor device). 
The term “flexible’ of the “flexible semiconductor device 

used in the present description Substantially means that the 
semiconductor device has such a flexibility characteristic that 
the device can be inflected. The “flexible semiconductor 
device' of the present invention may be referred to as “flex 
ible semiconductor element, in view of the structure thereof. 
The local oxidation treatment of the metal foil according to 

the present invention produces "portion which has been oxi 
dized' and “portion which has not been oxidized”. In this 
regard, the term “non-oxidized portion' used in the present 
description means the above “portion which has not been 
oxidized'. 

Furthermore, the phrase “constituent material of the elec 
trodes' used in the present description Substantially means a 
material or member which is capable of forming TFT 
element’s electrodes (i.e. “source electrode'. “drain elec 
trode' and “gate electrode' and the like) by subjecting it to an 
etching treatment or the like. 

In one preferred embodiment, in the step (ii), a resist is 
provided in the surface region of the metal foil, which region 
is intended to form the non-oxidized region. Thereafter, an 
oxidation treatment is wholly applied to the Surface region 
with the resist provided thereon. 

In the manufacturing method of the present invention, the 
semiconductor layer and the non-oxidized region are electri 
cally connected to each other. In this regard, a technical way 
for interconnecting the semiconductor layer and the non 
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4 
oxidized region is not particularly limited. For example, Sub 
sequent to the step (iii), an extraction electrode is formed Such 
that the extraction electrode may be in contact with the semi 
conductor layer and the non-oxidized portion. Alternatively, 
in the step (iii), the semiconductor layer may be formed Such 
that the semiconductor layer is in a direct contact with the 
non-oxidized portion. 

According to the present invention, it is capable that the 
process for forming the semiconductor layer is performed as 
a high temperature process of 180° C. or more, preferably 
from 400° C. to 1000°C. Thereason for this is that the present 
invention uses the metal foil. For this reason, it is capable that 
aheat treatment is applied to the formed semiconductor layer. 
In this case, it is preferred that a thermal annealing treatment 
and/or a laser annealing treatment is performed as the heat 
treatment. Such heat treatment can improve the performances 
of the obtained TFT elements. Specifically, for example in a 
case where the semiconductor layer is made of silicon, a 
carrier mobility thereof can be improved due to a promoted 
crystallization of the semiconductor material. In another case 
where the semiconductor layer is made of an amorphous 
oxide (IGZO), the carrier mobility thereof can be improved 
due to the restored oxygen defect. 
The manufacturing method of the present invention may 

further comprise a step of forming a capacitor by using the 
metal foil and the metal oxide film. In this case, it is preferred 
that an etching is performed on the metal foil to form not only 
the TFT electrodes but also an electrode layer of the capacitor. 
In addition, it is preferred that not only a part of the metal 
oxide film is used as the gate insulating film, but also another 
part of the metal oxide film is used as a dielectric layer of the 
capacitor. 
The present invention further provides a flexible semicon 

ductor device which is obtained by the above manufacturing 
method. Such flexible semiconductor device comprises: 

a metal layer comprising a gate electrode, a source elec 
trode and a drain electrode: 

a metal oxide film made from a metal which constitutes the 
metal layer and formed over a surface region of the metal 
layer; and 

a semiconductor layer formed above the gate electrode via 
the metal oxide film, 

wherein uncovered portions, each of which is not covered 
with the metal oxide film, are locally formed in the surface 
region of the metal layer, and 

wherein, via the uncovered portions, the source electrode 
and the semiconductor layer are electrically interconnected, 
and also the drain electrode and the semiconductor layer are 
electrically interconnected. It is preferred regarding the flex 
ible semiconductor device of the present invention that a part 
of the metal oxide film, which part is sandwiched between the 
gate electrode and the semiconductor layer, can function as a 
gate insulating film. Moreover, it is preferred that the metal 
layer is made of a valve metal and thus the metal oxide film is 
an anodic oxide film made from the valve metal. 

For one thing, the flexible semiconductor device of the 
present invention is characterized in that the device comprises 
“metal oxide film' and “uncovered portion' which has been 
obtained by a local oxidation treatment of the metal layer, and 
that “uncovered portion functions as a via i.e. an interlayer 
connecting portion which electrically interconnects between 
the metal layer (i.e. electrode) and the semiconductor layer. 
The flexible semiconductor device of the present invention 

is also characterized in that both of the “electrode' and “gate 
insulating film' are originated from the same constituent 
material. Namely both of them are originated from “metal 
layer. In other words, the flexible semiconductor device of 
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the present invention has "gate insulating film formed by a 
surface oxidation treatment of the metal layer and “electrode' 
formed by an etching treatment of said metal layer. Due to 
such characteristics of the flexible semiconductor device of 
the present invention, the electrode preferably has a tapered 
form in the thickness direction thereof. In addition, the elec 
trode preferably has a thickness which is larger than that of 
the conventional electrode produced by a conventional pro 
cess for forming electrode (for example by a vapor deposition 
process or a sputtering process). For example, as for the 
present invention, the electrode has a thickness ranging from 
4 um to about 20 lum. It is preferred that all of the source 
electrode, the drain electrode and the gate electrode are 
located on the same plane. In other words, the source elec 
trode, the drain electrode and the gate electrode are flush with 
each other. 

From a standpoint of a “product, the term “uncovered 
portion” Substantially means a portion which is not covered 
by a metal oxide film. In one preferred embodiment, the 
“uncovered portion' corresponds to “non-oxidized portion' 
which is provided in the surface of the metal layer. 

In one preferred embodiment, the metal layer comprises a 
first metal layer and a second metal layer wherein the first 
metal layer comprises a valve metal, and the second metal 
layer comprises a metal other than the valve metal. It is 
preferred in this embodiment that the metal oxide film is an 
anodic oxide film made from the valve metal of the first metal 
layer. It is also preferred that an interlayer is formed between 
the first metal layer and the second metal layer. In these 
regards, the sentence “the second metal layer comprises a 
metal other than the valve metal substantially means that the 
metal constituent of the second metal layer is different from 
the metal constituent of the first metal layer, and thus the 
second metal layer may comprise another valve metal of a 
different kind from the valve metal of the first metal layer. 
The flexible semiconductor device of the present invention 

may further comprise a capacitor. It is preferred in this case 
that an electrode layer of the capacitor is formed of the metal 
layer, and that a dielectric layer of the capacitor is formed of 
the metal oxide film. 

In one preferred embodiment, the flexible semiconductor 
device comprises a plurality of transistor structures, each of 
which comprises the semiconductor layer, the gate insulating 
film, the gate electrode, the source electrode and the drain 
electrode. In further another preferred embodiment, the flex 
ible semiconductor device is a semiconductor device used for 
an image display device. In this case, a drive circuit of the 
image display device comprises the transistor structure and 
the capacitor of the flexible semiconductor device wherein 
parts of the metal oxide film are formed in a continuous 
arrangement in the region that contains the transistor struc 
ture and the capacitor. 

Effect of the Invention 

According to the manufacturing method of the present 
invention, the metal foil is subjected to an oxidation treatment 
at the surface area thereof to form the metal oxide film. The 
resulting oxide film is used as a gate insulating film. Accord 
ingly, in the present invention, the gate insulating film with a 
thin thickness and its good densified property (i.e. good 
Smoothness) is obtained, which leads to an achievement of the 
outstanding TFT performances of the flexible semiconductor 
device. 

Moreover, “non-oxidized portion' formed by the local oxi 
dation treatment of the metal foil is used as a via. Due to the 
via having a form of “non-oxidized portion', a connection 
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among the layers (interlayer connection) can be simply and 
easily realized without a complicated configuration of the 
flexible semiconductor device. In addition, it is also unnec 
essary to remove some parts of the insulating layer after the 
formation thereof. That is, there is needed no further process 
for removing the densified and chemically stabilized metal 
oxide film. Therefore, the raw materials and the energy can be 
utilized without a wasting thereof, which leads to an achieve 
ment of excellent productivity in the manufacturing method 
of the present invention. 

Moreover, according to the present invention, the metal 
foil, which has been used as a raw material of the metal oxide 
film (namely, a raw material for "gate insulating film'), is 
used as the constituent material of the electrodes i.e. the 
constituent element of the flexible semiconductor device. 
Consequently, a high temperature process can be positively 
employed upon the production of the insulating film and the 
semiconductor layer. This means that the heat treatment can 
be positively performed for example during or after the for 
mation of the semiconductor layer, and thereby the TFT char 
acteristics (e.g. carrier mobility of the semiconductor) are 
desirably improved. In other words, the flexible semiconduc 
tor device obtained according to the manufacturing method of 
the present invention has a high performance with respect to 
the TFT characteristics, due to the desired heat treatment 
upon the manufacturing thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1(a) shows a top plan view of the flexible semicon 
ductor device according to one embodiment of the present 
invention. FIG. 1(b) shows a cross sectional view taken along 
line of FIG. 1(a). FIG. 1 (c) shows an enlarged view of the 
schematic cross section of the electrode. 

FIGS. 2(a) to 2(d) show cross-sectional views illustrating 
the steps in a manufacturing process of a flexible semicon 
ductor device according to one embodiment of the present 
invention. 

FIGS. 3(a) to 3(c) show cross-sectional views illustrating 
the steps in a manufacturing process of a flexible semicon 
ductor device according to one embodiment of the present 
invention. 

FIG. 4(a) shows a cross sectional view of the metal layers 
(multilayer structure) according to one embodiment of the 
present invention. FIG. 4(b) shows a cross sectional view of 
the flexible semiconductor device according to one embodi 
ment of the present invention. FIG. 4(c) shows a cross sec 
tional view of the flexible semiconductor device according to 
one embodiment of the present invention. 

FIG. 5(a) shows a top plan view of the flexible semicon 
ductor device according to one embodiment of the present 
invention. FIG. 5(b) shows a cross sectional view of the 
flexible semiconductor device taken along line Vb-Vb of FIG. 
5(a). 

FIG. 6(a) shows a cross sectional view taken along line 
Vla-VIa of FIG. 6(b). FIG. 6(b) shows a top plan view of the 
flexible semiconductor device according to one embodiment 
of the present invention. FIG. 6(c) shows a top plan view of 
the flexible semiconductor device according to one embodi 
ment of the present invention. 

FIG. 7 shows a cross sectional view of the flexible semi 
conductor device according to one embodiment of the present 
invention. 

FIG. 8(a) shows a cross sectional view of the flexible 
semiconductor device according to one embodiment of the 
present invention. FIG. 8(b) shows an equivalent circuit dia 
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gram regarding a drive circuit of an image display device 
according to one embodiment of the present invention. 

FIG. 9(a) shows a plan view of the flexible semiconductor 
device in one embodiment of the present invention, which is 
seen from the metal layer side thereof. FIG.9(b) shows across 
sectional view taken along line IXb-IXb of FIG. 9(a). FIG. 
9(c) shows a cross sectional view taken along line IXc-IXc of 
FIG. 9(a). 

FIG.10(a) shows a plan view of the flexible semiconductor 
device in one embodiment of the present invention, which is 
seen from the metal layer side thereof. FIG. 10(b) shows a 
cross sectional view taken along line Xb-Xb of FIG. 10(a). 
FIG. 10(c) shows a cross sectional view taken along line 
Xc-Xc of FIG.10(a). FIG.10(d) shows a cross sectional view 
taken along line Xd-Xd of FIG. 10(a). 

FIG. 11 shows a cross sectional view of the flexible semi 
conductor device according to one embodiment of the present 
invention. 

FIGS. 12(a) to 12(d) show cross-sectional views illustrat 
ing the steps in a manufacturing process of a flexible semi 
conductor device according to one embodiment of the present 
invention. 

FIGS. 13(a) to 13(d) show cross-sectional views illustrat 
ing the steps in a manufacturing process of a flexible semi 
conductor device according to one embodiment of the present 
invention. 

FIG. 14 shows a cross sectional view of the flexible semi 
conductor device according to one embodiment of the present 
invention. 

FIG. 15 shows a cross sectional view of the flexible semi 
conductor device according to one embodiment of the present 
invention. 

FIG.16 shows an example of a product (an image display 
part of a television) wherein the flexible semiconductor 
device of the present invention is used. 

FIG. 17 shows an example of a product (an image display 
section of a cellular phone) wherein the flexible semiconduc 
tor device of the present invention is used. 

FIG. 18 shows an example of a product (an image display 
section of a mobile personal computer or a laptop computer) 
wherein the flexible semiconductor device of the present 
invention is used. 

FIG. 19 shows an example of a product (an image display 
section of a digital still camera) wherein the flexible semi 
conductor device of the present invention is used. 

FIG. 20 shows an example of a product (an image display 
section of a camcorder) wherein the flexible semiconductor 
device of the present invention is used. 

FIG. 21 shows an example of a product (an image display 
section of an electronic paper) wherein the flexible semicon 
ductor device of the present invention is used. 

DETAILED DESCRIPTION OF THE INVENTION 

Hereinafter, some embodiments of the present invention 
are illustrated with reference to Figures. In the following 
Figures, the same reference numeral indicates the element 
which has substantially the same function for simplified 
explanation. The dimensional relationship (length, width, 
thickness and so forth) in each Figure does not reflect a 
practical relationship thereof. 

Each “direction” referred to in the present description 
means the direction based on the spacial relationship between 
the metal foil/metal layer 10 and the semiconductor layer 30, 
in which each of upward direction and downward direction is 
mentioned relating to the direction in the drawings for con 
Venience. Specifically, each of upward direction and down 
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8 
ward direction corresponds to the upward direction and 
downward direction in each drawing. The side on which the 
gate insulating film 22 or the semiconductor layer 30 is 
formed based on the metal foil/metal layer 10 is referred to as 
“upward direction' and the side on which the semiconductor 
layer 30 is not formed based on the metal foil/metal layer 10 
is referred to as “downward direction'. 

With reference to FIGS. 1(a) to (c), the flexible semicon 
ductor device 100 according to one embodiment of the 
present invention will be explained. FIG. 1(a) is a schematic 
top plan view of the flexible semiconductor device 100 
whereas FIG. 1(b) is a schematic cross sectional view of the 
device taken along line Ib-Ib of FIG. 1(a). FIG. 1 (c) is an 
enlarged view of the schematic cross section of the electrode. 
The semiconductor device of the present embodiment is a 

flexible semiconductor device 100 which has flexibility char 
acteristic. This flexible semiconductor device 100 comprises 
a metal layer 10, a surface metal oxide film 20 and a semi 
conductor layer 30. 
The metal layer 10 has a gate electrode 12g, a source 

electrode 12s and a drain electrode 12d. It is preferred that the 
metal constituent of the metal layer 10 has a good electrical 
conductivity and is capable of readily producing a densified 
inorganic oxide. For example, a valve metal may be used as 
the metal of the metal layer 10. It is preferred that the valve 
metal is at least one kind of metal selected from the group 
consisting of aluminum, tantalum, niobium, titanium, 
hafnium, Zirconium, molybdenum and tungsten, for example. 
According to the one embodiment of the present invention, 
aluminum is used as the valve metal. The metal layer 10 has 
a thickness in the range of preferably from about 2 um to 
about 100 um, more preferably from about 4 um to about 20 
um, and still more preferably from about 8 um to about 16 um; 
for example 12 Lum. 
As shown in FIG. 1 (c), each of the gate electrode 12g, the 

source electrode 12s and the drain electrode 12d may have a 
tapered form (or tapered shape) in the thickness direction of 
the electrode due to the fact that each electrode has been 
produced by Subjecting the metal foil to an etching treatment. 
In the case where the electrode has a tapered form in the 
thickness direction thereof, the taper angle (C) may be in the 
range of from about 1° to about 60°, for example from about 
5° to about 30° (see FIG.1(c)), when the electrodes of a TFT 
element has such tapered form, a pattern step coverage can be 
improved upon sealing and protecting the electrodes and the 
wiring pattern by the insulating film, which leads to an 
achievement of a high reliability of the device. According to 
the present invention, due to the fact that electrodes of the 
TFT element (i.e. source electrode 12s, the drain electrode 
12d and the gate electrode 12g) are obtained by Subjecting a 
metal foil to etching treatment, the electrodes have a larger 
thickness than that of the electrode produced by the conven 
tional electrode-forming process (e.g. vapor deposition pro 
cess or Sputtering process). For example, each of electrodes 
according to the present invention has a thickness ranging 
from 4 um to about 20um, whereas the electrode according to 
the conventional process has a thickness of about 0.1 um. As 
a result of the larger thickness in the present invention, the 
decreased resistance of the electrodes can be easily achieved. 
In addition, the thickness of the electrodes can be easily and 
optionally changed according to the thickness of the metal 
foil. These mean that a possibility of the electrode design is 
expanded so that desired TFT characteristics can be more 
easily provided. 
The semiconductor layer 30 is formed above the gate elec 

trode 12g via the surface metal oxide film 20. As shown in the 
drawings, the semiconductor layer 30 is located on the gate 
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insulating film 22 in the present embodiment. As a semicon 
ductor material which constitutes the semiconductor layer 30, 
any suitable materials may be used. For example, the semi 
conductor layer may be made of silicon (e.g. Si) and germa 
nium (Ge) or an oxide. The oxide of an oxide semiconductor 
may be an oxide of an elementary Substance Such as ZnO, 
SnO, InO, TiO, or a composite oxide such as InGaZnO, 
InSnO, InZnO, ZnMgO. As needed, a compound semicon 
ductor may also be used, in which case a compound thereof is 
for example GaN. SiC., ZnSe, CdS, GaAs and so forth. Fur 
thermore, an organic semiconductor may also be used, in 
which case an organic thereof is for example pentacene, poly 
3-hexyl-thiophene, porphyrin derivatives, copper phthalo 
cyanine, C60 and so forth. The semiconductor layer 30 after 
being formed has a thickness ranging from preferably about 
10 nm to about 150 nm, more preferably about 20 nm to about 
80 nm. 
The surface metal oxide film 20 is a covering film consist 

ing of a metal oxide which is provided in the surface area of 
the metal layer 10. More specifically, the surface metal oxide 
film 20 is the metal oxide film made from “the metal which 
constitutes the metal layer 10'. The kind of the metal oxide 
film is not particularly limited. The metal oxide film may be 
any Suitable films as long as each of them is a film obtained by 
oxidizing the surface of the metal layer 10. For example, in a 
case where the metal layer 10 is made of aluminum, the 
surface metal oxide film 20 may be an anodic oxide film made 
from the aluminum (the anodic oxide film serving as a cov 
ering film of the metal layer). An anodic oxidation for obtain 
ing the anodic oxide film can be easily carried out by using 
various chemical conversion solutions, and as a result, a cov 
ering film of the densified oxide with its very small thickness 
is formed. In the meanwhile, the term “oxide film' as used in 
the present description may be referred to as “oxide covering 
film' or “oxide coating in the light of the actual embodiment 
thereof. In addition, the term "densified used in the expres 
sion “covering film of the densified oxide substantially 
means that the oxide film has no defect or the reduced degree 
of the defect. 

In the flexible semiconductor device 100, a part of the 
surface metal oxide film 20, which part is sandwiched 
between the gate electrode 12g and the semiconductor layer 
30 serves as a gate insulating film 22. 

Here, a drain current in the Saturation region of a transistor 
can be generally represented by the following Formula 1: 

where “I” is a drain current in a saturation region of a tran 
sistor, “C1' and “C2 each is a constant, 'W' is a channel 
width, "L' is a channel length, “e” is a specific inductive, “d 
is a thickness of a gate insulating film and “Vg' is a gate 
Voltage. According to Formula 1, it is understood that a larger 
drain current is produced with a smallergate Voltage when the 
gate insulating film has a larger specific inductive and a 
Smaller thickness, and thus Such a case is preferable. 

In this regard, the present invention can use the densified 
oxide film 20 with a relatively large specific inductive (i.e. the 
value thereof may be about 10 in the case of the anodic oxide 
film made from the aluminum) and verythin thickness as the 
gate insulating film 22. Thus, there is provided a semiconduc 
tor device by which a relatively large drain current is obtained 
with a relatively small gate voltage. Namely, the flexible 
semiconductor device 100 of the present invention may have 
excellent TFT characteristics due to the surface metal oxide 
film 20 thereof. 

With regard to the thickness of the surface metal oxide film 
20, it is preferable to make the thickness as thin as possible 
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10 
from the viewpoint of reducing the gate Voltage. Therefore, 
the surface metal oxide film 20 preferably has a thickness of 
about 3 um or less, more preferably about 800 nm or less, and 
still more preferably about 200 nm or less. On the other hand, 
it is not preferable that the surface metal oxide film 20 has an 
extremely thin thickness from the viewpoint of maintaining 
the insulation property. Accordingly, the lower limit of the 
thickness of the surface metal oxide is about 100 nm, pro 
vided that the maximum gate voltage is 40V in the case where 
the surface metal oxide is the anodic oxide film made from the 
aluminum (it should be noted that the lower limit of the 
thickness of the surface metal oxide film 20 may be changed 
depending on the applied gate Voltage and the breakdown 
voltage characteristic of the oxide film. 

In the surface area of the metal layer 10 of the flexible 
semiconductor device 100, one or more uncovered portions 
40, which are not covered with the surface metal oxide film 
20, are locally or partially formed. In other words, although 
most surface area of the metal layer 10 is covered with the 
metal oxide film 20, the surface of the metal layer 10 has one 
or more uncovered portions 40 where the underlying metal 
(i.e. aluminum according to one embodiment of the present 
invention) is exposed without being covered with the surface 
metal oxide film 20. The uncovered portions 40 contribute to 
an electrical interconnection between the electrode and the 
semiconductor layer. Specifically, each of the source elec 
trodes 12s and the drain electrodes 12d is electrically con 
nected with the semiconductor layer 30 via the uncovered 
portions 40. For this reason, the uncovered portion 40 func 
tions as an interlayer connecting portion (i.e. conductive via) 
in the surface metal oxide film 20. 

Seen from the illustrated embodiment in Figures, the 
uncovered portion 40 can correspond to “non-oxidized por 
tion” which is obtained by allowing a part of the surface of the 
metal layer 10 to remain non-oxidized. Namely, the manu 
facturing method of the present invention is characterized in 
that the non-oxidized portion 40 is formed in the surface of 
the metal foil 10 by partially non-oxidizing the area of the 
surface of the metal foil 10, and that the non-oxidized portion 
40 is used as a via which electrically interconnects between 
the metal foil 10 and the semiconductor layer 30. That is, the 
non-oxidized portion 40 is used as an interlayer connecting 
portion (i.e. via), which leads to a simplified realization of the 
interlayer connection without a complicated structure of the 
flexible semiconductor device. 
As shown in Figures, the flexible semiconductor device 

100 may have the extraction electrodes 50s and 50d. 
Examples of the metal constituent of the extraction electrodes 
50s and 50d may include a metal such as gold (Au), silver 
(Ag), copper (Cu), nickel (Ni), chromium (Cr), cobalt (Co), 
magnesium (Mg), calcium (Ca), platinum (Pt), molybdenum 
(Mo), iron (Fe), zinc (Zn), titanium (Ti) and tungsten (W), 
and an electrically conductive oxides such as tin oxide 
(SnO), indium tin oxide (ITO), fluorine containing tin oxide 
(FTO), ruthenium oxide (RuO2), iridium oxide (IrO) and 
platinum oxide (PtC). A silver paste (i.e. Agpaste) may be 
used from the view point that a minute pattern of the extrac 
tion electrodes is easily achieved. Each of the extraction 
electrodes 50s and 50d is formed on the surface metal oxide 
film 20, and can serve to electrically interconnect between the 
non-oxidized portion 40 and the semiconductor layer 30. 
Each of the patterns of the extraction electrode 50s and 50d 
has a thickness ranging from about 50 nm to about 5 um, 
preferably from about 80 nm to about 1 lum. The extraction 
electrodes 50s and 50d can serve to shorten the channellength 
(i.e. the substantial distance between the source and the 
drain). As a result, a high speed and a reduction of the gate 
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Voltage is achieved due to the shortening of the channellength 
(see Formula 1). It should be noted that the flexible semicon 
ductor device 100 can be operated even when extraction 
electrodes 50s and 50d are not provided so long as the semi 
conductor layer 30 directly contacts with the non-oxidized 
portion 40. 
On the surface metal oxide film 20, there is formed a resin 

layer 60 with which the semiconductor layer 30 is covered. 
The resin layer 60 is a support substrate for supporting the 
TFT elements and is made ofathermoplastic resin material or 
athermosetting resin material having flexibility characteristic 
after being cured. Examples of the resin material for the resin 
layer may include an epoxy resin, a polyimide (PI) resin, an 
acrylic resin, a polyethylene terephthalate (PET) resin, a 
polyethylene naphthalate (PEN) resin, a polyphenylene sul 
fide (PPS) resin, a polyphenylene ether (PPE) resin, a fluorine 
containing resin (e.g. PTFE) and composite materials thereof. 
These resin materials are excellent in the dimensional stabil 
ity and thus is preferably used as a flexible material of the 
flexible semiconductor device 100. The resin layer 60 has a 
thickness ranging from preferably about 1 um to about 7 um, 
more preferably about 2 um to about 5um. 

Next, with reference to FIGS. 2(a) to 2(d) and FIGS. 3(a) 
to 3(c), the method of manufacturing the above-mentioned 
flexible semiconductor device 100 of the present invention 
will be explained. FIGS. 2(a) to 2(d) and FIGS. 3(a) to 3(c) 
are cross-sectional views illustrating the steps in a manufac 
turing process of the flexible semiconductor device 100. 
Upon carrying out the manufacturing method of the 

present invention, the step (i) is firstly performed. That is, the 
metal foil 10 is provided as shown in FIG.2(a). For example, 
a metal foil 10 made of aluminum is provided. As such metal 
foil 10, any of commercially available ones can be used. The 
metal foil 10 preferably has a thickness ranging from about 2 
um to about 100 um, more preferably from about 4 um to 
about 20 Lum, still more preferably from about 8 um to about 
16 um, for example, 12 Lum. 

Next, resist 70 is provided on the surface of the metal foil 
10 as shown in FIG. 2 (b). Specifically, the resists 70 are 
provided in the predetermined areas at which non-oxidized 
portions will be formed (namely, the areas which are not 
intended to be subjected to an oxidation treatment). As illus 
trated in FIG. 2, one or more resist layers or patterns 70 are 
formed in the selected parts of the top surface of the metal foil 
10 and the whole undersurface of the metal foil 10. It is 
sufficient that the resist 70 has a chemical resistance to an 
oxidation treatment liquid as will be described later. 
Examples of the material of the resist 70 may include a 
photosensitizing agent such as novolak resin and a diaz 
onaphthoguinone (DNO) based photosensitizing agent, as 
well as a material comprising solvents such as propylene 
glycol monomethyl acetate (PGMEA) and ethyl lactate (EL). 
The steps for providing and removing the resist 70 may be 

Suitably performed by utilizing a typical photolithography 
process. For example, it is desirable to use an organic Solvent 
for removing the resist in the case where the metal foil is made 
of aluminum. The reason for this is that the aluminum tends to 
have a solubility with respect to a strong alkali. 

After the provision of the resists 70 is completed, an oxi 
dation treatment is performed as the step (ii). More specifi 
cally, the oxidation treatment is applied to the surface of the 
metal foil 10 with the resists 70 provided thereon. By per 
forming the oxidation treatment, an oxide film 20 made from 
the metal constituent of the metal foil 10 is formed. Namely 
there is formed a surface metal oxide film. The oxide film 20 
can be used as a gate insulating film 22. In a case where the 
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12 
metal foil 10 is made of a valve metal (e.g. aluminum), the 
oxidation of the metal foil surface is performed by an anodic 
oxidation of the valve metal. 
The process of the anodic oxidation is not particularly 

limited. Any suitably chemical conversion solutions may be 
used for the anodic oxidation. For example, the anodic oxi 
dation may be performed by immersing a cathode and the 
metal foil 10 which functions as the anode into a chemical 
conversion solution, and Subsequently connecting both the 
cathode and the anode with a constant current source, and 
thereby applying a desired Voltage thereto. As the chemical 
conversion Solution of the anodic oxidation of the aluminum, 
a mixed solution of 30 wt % of aqueous tartaric acid (1 wt %) 
solution and 70 wt % of ethylene glycol, with an adjusted pH 
of around the neutral value by using of ammonia, may be 
used. As the cathode, a plate of stainless steel (e.g. SUS304) 
may be used. The performing of Such anodic oxidation can 
stably produce an oxide film which is thin and excellent in the 
Smoothness and thus is suitably used as the gate insulating 
film. In this regard, the thickness of the anodic oxide film is 
proportional to the voltage to be applied. Therefore, it is 
capable to Suitably select the Voltage to be applied according 
to the desired thickness of the film. Examples of current and 
Voltage conditions of the anodic oxidation may include the 
current density ranging from about 1 to about 10 mA/cm and 
the voltage ranging from about 50 to about 600 V. For 
example, the current density is about 5 mA/cm and the volt 
age is about 100 V. 

In the case where only one surface of the metal foil 10 is 
selectively subjected to the anodic oxidation, the other sur 
face of the metal foil 10 is preliminarily coated with the resist 
70, as described above. However, another process may be 
adopted where the only one surface of the metal foil 10 is 
selectively brought into contact with the chemical conversion 
solution. Specifically, after a cylindrical container is abutted 
against the metal foil 10 so that the metal foil 10 serves as a 
bottom plate and a sealing member is applied so as to prevent 
the leakage of a liquid phase content, a chemical conversion 
Solution may be introduced into the cylindrical container. 
Thereafter, the metal foil 10 serving as the anode and the 
cathode (e.g. stainless steel plate) immersed in the chemical 
conversion solution are connected to a power source. As a 
result, the only one surface of the metal foil 10, which surface 
is in contact with the chemical conversion Solution, can be 
selectively oxidized. 

After the formation of the metal oxide film 20 is completed, 
the resist 70 is removed. As shown in FIG. 2 (c), the existence 
of the metal foil 10 gives such a condition that some parts of 
the surface of the metal foil remains non-oxidized. After the 
resist 70 has been removed, the metal foil 10 comes to have its 
Surface wherein some parts thereofare non-oxidized portions 
40 where no metal oxide film 20 is provided. Namely, the 
uncovered portions where the underlying metal is exposed 
without being covered with the metal oxide film 20 are pro 
vided (see FIG. 2(d)). 

Subsequent to the formation of the non-oxidized portions 
40, a semiconductor layer is formed as the step (iii). Specifi 
cally, the semiconductor layer 30 is formed on the surface 
metal oxide film 20 (particularly, the semiconductor layer 30 
is formed on a part of the oxide film, which part functions as 
the gate insulating film 22). The formation of such semicon 
ductor layer 30 can be performed by depositing a semicon 
ductor material. The deposition of the semiconductor mate 
rial can be suitably performed by a thin film formation 
process Such as a vacuum deposition process, a sputtering 
process and a plasma CVD process, as well as by a printing 
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process Such as a relief printing process, a gravure printing 
process, a screen printing process and an inkjet printing 
process. 

For example, a silicon film is deposited to a desired posi 
tion of the metal oxide film 20 made from the metal foil 10 
heated up to a temperature of 350° C. by the plasma CVD 
process. Subsequently, the deposited silicon film is subjected 
to a thermal annealing treatment at a temperature of 600° C. 
in an inert atmosphere (typically non-oxidizing atmosphere), 
and thereby a polysilicon semiconductor layer is formed. 

In this way, the semiconductor layer 30 can be formed by 
performing an elevated-temperature process since the metal 
foil 10 is used in the present invention. In other words, assum 
ing that a Substrate made of a resin (plastic) is used and a 
semiconductor layer is directly formed on the resin Substrate, 
a process temperature must be restricted to below due to a low 
heat-resistant property of the resin Substrate. In contrast, 
according to the manufacturing method, the semiconductor 
layer 30 can be formed at the process temperature beyond the 
heat-resistant temperature of the resin layer 60 (i.e. elevated 
temperature process) in spite of the use of the resin layer 60 
having a low heat resistance as a Substrate. For example, even 
when a PEN resin film (heat-resistant temperature thereof 
being 180° C.) is used, the elevated-temperature process 
exceeding 180° C. (preferably elevated-temperature process 
ranging from 300° C. to 1000°C., more preferably 400° C. to 
1000° C.) is positively employed upon the formation of the 
semiconductor layer 30. In a case where an aluminum foil is 
used as the metal foil (particularly in the case of an aluminum 
foil, some parts of the surface region thereofhave been anodi 
cally oxidized), it is capable to positively adopt an elevated 
temperature process, for example preferably in the tempera 
ture range of from 300° C. to 600° C., more preferably from 
400°C. to 540°C. Moreover, in another case where a stainless 
steel is used as the metal foil, it is capable to positively adopt 
an elevated-temperature process, for example, preferably in 
the temperature range of from 300° C. to 1000° C., more 
preferably from 400° C. to 800° C. 

Namely, the step of forming the semiconductor layer can 
be carried out at a temperature of 180° C. or more, preferably 
through an elevated-temperature process ranging from 
approximately 300° C. to 1000° C., more preferably from 
approximately 400° C. to 1000°C. It is also capable to posi 
tively subject the obtained semiconductor layer to a heat 
treatment due to the fact that the metal foil is used. 

For example, after the deposition of the semiconductor 
material on the gate insulating film 22, it is capable to subject 
the deposited semiconductor material to a heat treatment. The 
process of such heat treatment is not particularly limited. For 
example, the heat treatment may beathermal annealing treat 
ment (atmosphere heating) or a laser annealing treatment. 
The combination of the thermal annealing treatment and the 
laser annealing treatment may also be adopted. For example, 
after the semiconductor layer of an amorphous silicon is 
formed on the desired position on the gate insulating film 22, 
the semiconductor layer may be annealed by laser. By sub 
jecting the semiconductor to such heat treatment, a crystalli 
Zation of the semiconductor proceeds and thus properties of 
the semiconductor (e.g. carrier mobility) can be improved. 
For example, as for the carrier mobility of a silicon semicon 
ductor, the value of 1 or less may be increased to a value of 
100 or more by the above heat treatment. The term “annealing 
treatment used in the present description substantially 
means a heat treatment which is intended to improve a mobil 
ity or a stabilization of the semiconductor's properties. 

Specific embodiments regarding the formation of the semi 
conductor layer will be described below: 
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14 
A Solution containing a cyclic silane compound (for 

example, a toluene Solution of cyclopentasilane) is applied 
onto a predetermined position of the gate insulating film 22 by 
an inkjet process or the like. Subsequently, the applied mate 
rial is subjected to a heat treatment at a temperature of 300° 
C., and thereby a semiconductor layer made of amorphous 
silicon is formed. Thereafter, the semiconductor layer is sub 
jected to a thermal annealing treatment at a temperature of 
600° C. under a non-oxidizing atmosphere (typically under 
an inert gas atmosphere), and thereby a polysilicon film with 
a high carrier mobility is produced. 
As another process for manufacturing the polysilicon film, 

a heat treatment for forming the semiconductor layer 30 of 
amorphous silicon is performed at a temperature of 540°C., 
and Subsequently the semiconductor material is irradiated 
with an excimer laser having a wave length of 308 nm at an 
intensity of 450 ml/cm, and thereby a polysilicon film is 
produced. 
As further another process for manufacturing the polysili 

con film, there is proposed a process to use an amorphous 
oxide semiconductor. In this process, a semiconductor layer 
is obtained through a film formation by Subjecting an oxide 
target having a composition of InGaZnO to a magnetron 
sputtering process at a power of 50W under a mixed atmo 
sphere consisting of Ar and O. (Arf (Ar--O.) flow rate ratio 
equals to 0.024, the pressure is 0.5 Pa) and at a room tem 
perature. It is preferable to subject the semiconductor layer of 
an oxide semiconductor to a heat treatmentata temperature of 
from 200°C. to 400° C. under the atmospheric air condition. 
The reason for this is that the oxygen defect of the oxide 
semiconductor can be restored by the heat treatment having a 
temperature condition of 300° C. or higher, and thus the 
semiconductor's properties (e.g. carrier mobility) can be 
improved. 

Subsequent to the forming step of the semiconductor layer 
30, extraction electrodes 50s and 50d are formed on the metal 
oxide film 20 so that the extraction electrodes 50s and 50d are 
brought into contact with each of the semiconductor layer 30 
and the non-oxidized portion 40 (see FIG. 3 (a)). Due to the 
existence of the extraction electrodes 50s and 50d, the metal 
layer 10 is capable to electrically connect with the semicon 
ductor layer 30 via the non-oxidized portion 40. In a case 
where Ag paste is used as a raw material of the extraction 
electrodes, a formation of the extraction electrodes 50s and 
50d can be performed by printing the Ag paste (for example, 
by an inkjet printing). 

Subsequently, as shown in FIG. 3 (b), the resin layer 60 is 
formed on the metal oxide film 20 so that the semiconductor 
layer 30 is covered with the resin layer. The process for 
forming the resin layer 60 is not particularly limited. For 
example, it is possible to adopt a process of laminating a 
semi-cured resin sheet onto the metal oxide film 20 and there 
after allowing the sheet to be cured (in Such case, an adhesive 
material may be coated on the laminating Surface of the resin 
sheet). Alternatively, it is also possible to adopt a process of 
applying a semi-cured resin onto the metal oxide film 20 by a 
spin-coating or the like and thereafter allowing the resin to be 
cured. Through such formation of the resin layer 60, it 
becomes capable to stably convey and handle of the device 
precursor while protecting the semiconductor layer 30 during 
a Subsequent step (e.g. an etching process of the metal foil 
10). 

Subsequent to the formation of the resin layer 60, as shown 
in FIG.3(c), a gate electrode 12g, a source electrode 12s and 
a drain electrode 12d are formed from the metal foil 10 by 
performing a selective etching of the metal foil 10 as the step 
(iv). The gate electrode 12g is formed such that it is located 
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below the semiconductor layer 30 to oppose to the semicon 
ductor layer 30 across the gate insulating film 22. As the 
etchant of the metal foil 10, any suitable materials may be 
used depending on the material of the metal foil 10. For 
example, in a case where the metal foil is made of aluminum, 
a mixed acid of phosphoric acid, acetic acid and nitric acid 
may be used as an etchant. 

Through the above processes, the manufacturing of the 
flexible semiconductor device 100 is finally completed where 
the interlayer connection is achieved by the non-oxidized 
portion 40. 

According to the manufacturing method of the present 
invention, the oxidizing of the surface of the metal foil 10 
produces the gate insulating film 22 of the metal oxide film 20 
made from the metal constituent of the metal foil 10. Subse 
quently, the semiconductor layer 30 is formed on the gate 
insulating film 22, and then the gate electrode 12g, the Source 
electrode 12s and the drain electrode 12d are formed by 
partially etching away the metal foil 10. By oxidizing the 
surface of the metal foil 10 as in the manufacturing method of 
the present invention, it is capable to obtain the gate insulating 
film 22 with thin thickness and very densified property (i.e. 
excellent smoothness) therefrom and thus to improve the TFT 
performance. In addition, in spite of the use of the resin layer 
60 having the low heat-resistant property as a Support Sub 
strate, the semiconductor layer 30 can be positively subjected 
to the heat treatment, and consequently the semiconductor 
properties (e.g. carrier mobility) are improved. 

Moreover, according to the manufacturing method of the 
present invention, the non-oxidized portions 40 are formed in 
the surface area of the metal foil 10 by allowing parts of the 
surface of the metal layer 10 to remain non-oxidized, and the 
non-oxidized portions 40 serve as the vias through which the 
electrodes and the semiconductor layer 30 are electrically 
interconnected. Thus, the use of the non-oxidized portion 40 
as a via (i.e. interlayer connecting portion) can easily achieve 
an interlayer connection without an complicated structure of 
the flexible semiconductor device. Furthermore, it is capable 
to eliminate a processing for removing the densified and 
chemically stable metal oxide film 20 (for example, hole 
processing by laser for the purpose of the interlayer connect 
ing). That is, according to the present invention, it is not 
necessary to remove Some parts of the insulating layer after 
being formed. Therefore, the present invention produces less 
waste material and less waste energy, which leads to a high 
productivity of the manufacturing of the flexible semiconduc 
tor device. That is, according to the manufacturing method of 
the present invention, the flexible semiconductor device 100 
having an outstanding TFT performance can be simply and 
easily obtained with sufficient productivity. 

Although the metal foil 10 made of the valve metal (e.g. 
aluminum) has been exemplified above, the metal constituent 
of the metal foil 10 is not particularly limited. Any suitable 
metals other than the valve metal may be used for the metal 
constituent of the metal foil 10, as long as the metal constitu 
ent contributes to uniformly cover the surface of the metal 
with the resulting oxide film or oxide coating thereof. In such 
case, it is capable to adopt a thermal oxidation (e.g. Surface 
oxidation by heating) or a chemical oxidation (e.g. Surface 
oxidation by using of an oxidizing agent) as the oxidation 
process of the metal foil 10 in place of the anodic oxidation. 

Moreover, the metal foil 10 may be a single metal layer or 
may be a laminate composed of two or more metal layers. For 
example, as shown in FIG. 4(a), the metal foil 10 may be a 
laminate composed of a first metal layer 14 made of a valve 
metal and a second metal layer 16 made of a metal other than 
the valve metal. The first metal layer 14 is, for example, a 
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tantalum layer (thickness thereof being preferably in the 
range of from about 0.1 um to about 1.0 um, for example 
about 0.3 um). The second metal layer 16 is a copper layer 
(thickness thereof being preferably in the range of from about 
1 um to about 99.9 um, more preferably from about 3 um to 
about 19.9 um, still more preferably from about 7um to about 
15.9Lim, for example, about 11.7 um). Even in Such a case, the 
first metal layer 14 can be subjected to the local (or selective) 
oxidation treatment, and thereby the resulting non-oxidized 
portion 40 of the first metal layer 14 can be preferably used as 
the Vias (i.e. interlayer connecting portions) as shown in FIG. 
4(b). In this regard, a multilayered structure as shown in FIG. 
4(a) can beformed by performing a thin film forming process. 
For example, in a case where the first metal layer 14 is a 
tantalum layer and the second metal layer 16 is a copper layer, 
a metal foil with a two-layered structure can be obtained by 
applying the tantalum layer over the copper plate through a 
Suitable thin film forming process (e.g. a sputtering process). 

Moreover, in a case where the first metal layer 14 is made 
of aluminum and the second metal layer 16 is made of copper, 
it is preferred that an interlayer 18 is provided between the 
first metal layer 14 and the second metal layer 16, as shown in 
FIG. 4(c). As the interlayer 18, it is preferable to use a layer 
which, does not form a solid solution with each metal of the 
first metal layer and the second metal layer and contains a 
metal with a high melting point (e.g. tungsten) or a 
covalently-bound compound (e.g. tantalum nitride). Such 
interlayer 18 functions as “a diffusion preventing layer 
(namely, a barrier layer)' which serves to prevent the copper 
constituent of the second metal layer 16 from diffusing into 
the first metal (aluminum) layer 14. The interlayer preferably 
has a thickness ranging from about 20 nm to about 180 nm, for 
example about 100 nm. Although FIGS. 4(b) and (c) illustrate 
a case where the thickness of the metal oxide film 20 is 
smaller than that of the first metal layer 14, it is possible that 
the thickness of the metal oxide film 20 is approximately the 
same as that of the first metal layer. In this case, the first metal 
layer 14 may be subjected to the oxidation treatment so that 
the whole thickness of the layer 14 is oxidized to form the 
surface metal oxide film 20 therefrom. 

In the present invention, contact portions 35 may beformed 
at contacting regions among the semiconductor layer 30 and 
each of the extraction electrodes 50s and 50d as shown in 
FIGS. 5 (a) and (b) if necessary. The predetermined region of 
the semiconductor layer 30 is doped with boron, and thereby 
the contact portions 35 can be formed. The contact portions 
35 can offer advantage of a facilitated charge injection from a 
Source electrode to a channel part. 
As shown in FIGS. 6(a) and (b), two or more sets of the 

extraction electrodes 50s and 50d may be formed. In the 
embodiment shown in FIG. 6(b), two or more extraction 
electrodes 50s are arranged to have a comb tooth shape, and 
two or more extraction electrodes 50d are arranged to have 
another comb tooth shape which opposes to the former comb 
tooth shape. The arranging of two or more extraction elec 
trodes 50s and 50d in the shape of a comb tooth shape makes 
it possible to enlarge the channel width (“W' in Formula 1) 
while maintaining the area of the transistor element. This 
means that the amount of extractable current can be increased 
(see Formula 1). As shown in FIG. 6(c), it is also possible to 
reduce the number of comb teeth to one, if needed. Further 
more, the length of the comb tooth may be suitably deter 
mined according to the desired TFT performance. For 
example, in a case where a TFTarray for an organic electrolu 
minescence display is formed, it is capable to make the length 
of the comb teeth of a driving TFTarray longer than that of the 
comb teeth of a switching TFT array. 
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In the present invention, as shown in FIG. 7, it is capable to 
adopt a configuration wherein neither of extraction electrodes 
50s and 50d is formed. In this case, the semiconductor layer 
30 and the non-oxidized portion 40 may be formed so that the 
semiconductor layer 30 is in a direct contact with the non 
oxidized portion 40. Even in Such configuration, it is capable 
to operate the flexible semiconductor device 100. In the illus 
trated configuration, the semiconductor layer 30 has extended 
parts 32s and 32d, both of which are in contact with the 
non-oxidized portions 40, respectively. Such configuration 
can eliminate the step of forming the extraction electrodes 50s 
and 50d, which leads to an achievement of a more simplified 
production of the flexible semiconductor device 100. In addi 
tion, it is capable that any Suitable material Such as tungstic 
oxide or molybdenum oxide and so on is interposed between 
the non-oxidized portion 40 and the semiconductor layer 30 
in order to facilitate a charge injection. 
Now, with reference to FIGS. 8(a) and (b), an embodiment 

wherein the flexible semiconductor device of the present 
embodiment is mounted on an image display device will be 
explained. FIG. 8(a) Schematically shows a cross sectional 
view of a flexible semiconductor device 200 that is to be 
mounted on an image display device (for example, an organic 
EL display). The present flexible semiconductor device 200 
comprises two or more transistor structures, each of which is 
composed of the semiconductor layer 30, the gate insulating 
film 22, the gate electrode 12g, the source electrode 12s and 
the drain electrode 12d. 

In the example shown in FIG. 8(a), there are two transistor 
structures composed of a switching transistor structure 200A 
(hereinafter, referred to as “Sw-Tr') and a driving transistor 
structure 200B (hereinafter, referred to as “Dr-Tr”). As shown 
therein, the flexible semiconductor device 200 has a stacked 
layer structure wherein Dr-Tr 200B is stacked on Sw-Tr 
200A. On the surface of the metal layer 10A of Sw-Tr 200A, 
there are formed the non-oxidized portions 44 and 46 which 
are not covered with the metal oxide film 20A. The non 
oxidized portion 44 electrically interconnects between the 
drain electrode 12Ad of Sw-Tr 200A and the gate electrode 
12Bg of Dr-Tr 200B. While on the other hand, the non 
oxidized portion 46 electrically interconnects between the 
drain electrode 12Bd of Dr-Tr 200B and the metal layer 10A 
of Sw-Tr 200A. 
The flexible semiconductor device 200 is equipped with a 

capacitor 80. That is, as shown in FIG. 8(b), each pixel of the 
image display device is composed of a combination of two 
transistor structures 200A, 200B and one capacitor 80. The 
gate electrode 12Ag of Sw-Tr 200A is connected to a selec 
tion line 94. Among the source electrode 12AS and the drain 
electrode 12Ad, one is connected to a data line 92 and the 
other is connected to the gate electrode 12.Bg of Dr-Tr 200B. 
Among the source electrode 12Bs and the drain electrode 
12Bd of Dr-Tr 200B, one is connected to a power source line 
96 and the other is connected to the image display region (i.e. 
the organic EL device in the case of the illustrated embodi 
ment). Moreover, the capacitor 80 is connected between the 
source electrode 12Bs and the gate electrode 12Bg of Dr-Tr 
2OOB. 
As for the above pixel circuit, when the switch of Sw-Tr 

200A is set “ON” during the activation of the selection line 
94, a driving voltage is supplied from the data line 92 and 
selected by Sw-Tr 200A, and then electrical charge is stored 
in the capacitor 80. Then, a voltage differential generated by 
the capacitor is applied to the gate electrode 12.Bg of Dr-Tr 
200B, a drain current corresponding to the voltage differen 
tial is Supplied to the display region, and thereby allowing the 
organic EL device to emit light. 
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In a TFT element for driving the display device, which is 

one of the important applications of the flexible semiconduc 
tor device, a capacitor with its capacity for driving the ele 
ment is required. According to the present invention, it is not 
necessary to arrange a capacitor separately in the exterior of 
the flexible semiconductor device 200 by directly incorporat 
ing the capacitor 80 into the flexible semiconductor device. 
As a result, there is realized an image display device which is 
a small in size and Suitable for a high-density mounting. 
As shown in FIG. 8, a lower electrode layer 82 of the 

capacitor 80 is located on the plane which is flush with the 
plane containing the gate electrode 12Ag, the Source elec 
trode 12AS and the drain electrode 12Ad of Sw-Tr200A, and 
each of them has been formed of the same metal layer i.e. 
metal layer 10A. Namely, the lower electrode layer 82, the 
gate electrode 12Ag, the Source electrode 12AS and the drain 
electrode 12Adare flush with each other. Similarly, a dielec 
tric layer 84 of the capacitor 80 is located on the plane flush 
with the plane containing the gate insulating film 22A of 
Sw-Tr 200A, and each of them has been formed from the 
same metal layer i.e. metal layer 20A. Namely, the dielectric 
layer 84 and the gate insulating film 22A are flush with each 
other. In this way, it is capable to form a capacitor 80 from the 
metal layer 10A and the metal oxide film 20A by arranging 
the capacitor 80 and the transistor structure 200A in parallel 
with each other, which leads to an achievement of a more 
simplified production of the flexible semiconductor device 
200. Specifically, the dielectric layer 84 can be formed 
together with the formation of the gate insulating film 22A, 
and also the lower electrode layer 82 can be formed together 
with the formation of the gate electrode 12Ag, the source 
electrode 12AS and the drain electrode 12Ad. Moreover, it is 
also possible to form an upper electrode layer 86 of the 
capacitor 80 from the same layer as that of the extraction 
electrodes 50As and 50Ad and in the same process as that of 
the extraction electrodes 50As and 50Ad. 

FIG. 8(b) shows the drive circuit (equivalent circuit) 90 of 
the structure shown in FIG. 8(a). In this regard, a wiring 92 is 
a data line, a wiring 94 is a selection line and a wiring 96 is a 
power source line. The flexible semiconductor device 200 is 
provided in every pixel of each image display device. Each 
pixel may comprise not only two TFT elements but also more 
than three elements depending on the constructional design of 
the display, and thus the flexible semiconductor device 200 of 
the present embodiment may be modified according to Such 
constructional design. 

With reference to FIG.9, the flexible semiconductor device 
300 of another embodiment of the present invention will be 
explained. FIG. 9(a) is a plan view of the flexible semicon 
ductor device 300 seen from the side of the metal layer 10. 
FIG.9(b) is a cross sectional view taken along line IXb-IXb of 
FIG. 9(a). FIG.9(c) is a cross sectional view taken along line 
IXc-IXc of FIG. 9(a). 

In the present invention, as shown in FIGS. 9(a) to 9(c), the 
flexible semiconductor device 300 may have a single layered 
structure. In the flexible semiconductor device 300, the tran 
sistor structures 300A, 300B which constitute the drive cir 
cuit, and the capacitor 80 are formed from the same material, 
and each of them is located on the same plane. 

For example, it is preferred that parts of the metal oxide 
film 20 are formed in a continuous arrangement over the 
region that contains the transistor structures 300A, 300B 
which constitute a drive circuit and the capacitor 80 as illus 
trated. More specifically, as shown in FIGS. 9(a) to 9(c), it is 
preferred that the metal oxide film 20 is formed over the 
substantially entire region containing Sw-Tr 300A, Dr-Tr 
300B and the capacitor 80. That is, the expression “formed in 
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a continuous arrangement used herein means that each of 
Sw-Tr 300A, Dr-Tr 300B and the capacitor 80 does not 
respectively have a separated insulating layers, but has a 
common insulating layer which is interconnected with each 
other. In other words, as for the constructional design of the 
flexible semiconductor device 300, the gate insulating films 
22A, 22B of the transistor structures 300A, 300B and the 
dielectric layer 84 of the capacitor 80 are located on the same 
plane, and each of them is formed from the same metal oxide 
film. Due to such constructional design of the present inven 
tion, the gate insulating films 22A, 22B and the dielectric 
layer 84 can be formed in the same process. 

In an actual image display device, the combination of the 
transistor structure and the capacitor shown in FIGS. 9(a) to 
9(c) is arranged in the form of an array corresponding to each 
pixel. It is preferred that the metal oxide film 20 is formed in 
a continuous arrangement over the region that contains the 
plurality of transistor structures and the capacitors. Accord 
ing to Such configuration, each gate insulating film of each of 
the plurality of transistor structures and each of the capacitors 
are located on the same plane, and each of them is formed 
from the same metal oxide film. Thus, it is possible to form 
them in the same process at one time through one oxidation 
treatment of the metal layer 10. 

According to the present invention, “interlayer connec 
tion' can be easily by partially and selectively forming the 
non-oxidized portion 40 in the surface oxide film, as 
described above. In particular, in a case of an image display 
device for a large scale display, the number of the transistor 
structures and capacitors is increased. Therefore, the 
improvement of the productivity resulted from the above 
“interlayer connection” becomes more remarkable. More 
over, the present invention can eliminate a processing for 
removing the metal oxide film 20 which is densified and 
chemically stable (for example, a laser hole processing for 
forming the interlayer connection), and thus a wasting of the 
materials and the energy can be omitted. It is therefore pos 
sible to increase a merit of the present invention in that the 
amount of the wasted materials and energy can be reduced, in 
the case where the flexible semiconductor device is used for a 
large image display device. 

Even in the case of the flexible semiconductor device 200 
having a multilayered structure as shown in FIG. 8(a), a 
plurality of transistor structures are arranged in the form of an 
array corresponding to each pixel. Therefore, when parts of a 
metal oxide film 20 are formed in a continuous arrangement 
over at least two adjacent transistor structures, the same effect 
as that described above will be provided similarly. 

In FIGS. 9(a) to 9(c), a wiring 92 is a data line, a wiring 94 
is a selection line and a wiring 96 is a power source line. Each 
of the wiring layers 92.94 and 96 is located on the same plane 
containing the gate electrode, the source electrode and the 
drain electrode of the transistor structure to which these wir 
ings are connected, and also is formed of the same metal layer 
10. Due to Such constructional design, each of the wiring 
layers 92.94, 96 and the gate, source and drain electrodes of 
the transistor structures can be formed in the same process, 
which leads to an achievement of a more simplified produc 
tion of the flexible semiconductor device 300 and the image 
display device. 
The constructional design of the present invention is not 

necessarily limited to the above. Any of parts of the metallic 
wiring layers 92.94 and 96 may be formed in a plane which 
is different from the plane containing the electrodes 12Ag, 
12AS, 12Ad, 12.Bg, 12Bs and 12Bd of the transistor structures 
300A and 300B. For example, as shown in FIGS. 10(a) and 
(d), the wiring of the selection line 94 may be formed on the 
undersurface of the resin layer 60. In this case, the wiring of 
the selection line 94 can be formed from a metal layer 15 
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which is different from the metal layer 10 of the transistor 
structures 300A and 300B. In this regard, the wiring of the 
selection line 94 is electrically connected to the metal layer 10 
(the gate electrode 12Ag of Sw-Tr 300A) through the via 17 
that has been formed in the resin layer 60. Such configuration 
is preferable since the more wirings can be accommodated in 
the same area of the element, due to the fact that the wiring 
can be formed in the three dimensional array. That is, when 
the same number of wirings is used, a thick wiring with a 
larger cross section area can be used. As a result, it is capable 
to prevent or reduce the voltage drop attributable to the wiring 
resistance and a production yield in the etching process for 
forming the wiring can also be improved: 

Especially in the case of the image display device for a 
large scale display, the total wiring length becomes longer, so 
that the merit by adopting the above configuration (namely, 
the reduced Voltage drop) can be increased. In addition, the 
number of a transistor structures and capacitors becomes 
huge in the image display device for a large scale display, and 
thus the more improved yield can be provided. 

In place of the selection line 94, the data line 92 and/or the 
power source line 96 may be located in a layer different from 
the metal layer 10. Even in such case, the effect that is resulted 
from forming the wiring lines in the three dimensional array 
can be obtained similarly. 

Incidentally, the via 17 formed in the resin layer 60 as 
shown in FIG. 10 is a paste via, for example. The paste via 17 
can beformed, for example by laminating the resin sheets 60, 
followed by performing a hole forming processing at a 
desired position of the laminate and then filling the hole with 
an electrically conductive paste. As the electrically conduc 
tive paste, a mixture of Ag powder and “resin composition 
mainly consisting of an epoxy resin' can be used, for 
example. As the hole forming processing, a laser processing 
using a YAG laser or the like may be employed. In a case 
where the resin layer 60 is a photosensitive resin, the hole 
forming processing may be performed by exposure and 
development processes. Alternatively, in place of the paste 
via, a plating via may be formed. The plating via can be 
formed, for example by filling the hole with an electrically 
conductive material by a nonelectrolytic copper plating pro 
cess or an electrolytic copper plating process. 

In the embodiment shown in FIG. 1, the uncovered por 
tions 40 which are not covered with the surface metal oxide 
film 20 (namely, the portions where the underlying metal is 
exposed therethrough) are ones obtained by not oxidizing 
parts of the surface of the metal layer 10. The present inven 
tion is not limited to Such embodiment. For example, as 
shown in FIG. 11, an opening 55 may be formed in a part of 
the surface metal oxide film 20, and thereby the uncovered 
portion 40 where the underlying metal is exposed there 
through may be formed. Even in this case, each of the source 
electrode 12s and the drain electrode 12d can be electrically 
connected with the semiconductor layer 30 via the uncovered 
portion 40. 

Next, an example of the manufacturing process of the 
flexible semiconductor device 400 shown in FIG. 11 will be 
explained. First, as shown in FIG. 12(a), a second metal layer 
(e.g. copper layer) 16 is provided and also resists 70 are 
provided on the predetermined positions of the second metal 
layer 16. Subsequently, as shown in FIG. 12(b), a first metal 
layer (e.g. aluminum layer) 14 is formed on the copper layer 
16 with the resists 70 provided thereon. The aluminum layer 
can be formed, for example by a conventional thin film for 
mation process. Thus, there is provided the metal layer 10 
composed of the aluminum layer 14 and the copper layer 16 
(the metal constituent of the layer 14 being different from that 
of the layer 16). If needed, an interlayer may be provided 
between the copper layer 16 and the aluminum layer 14. 
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After the formation of the metal layer 10 is completed, as 
shown in FIG. 12(c), the surface of the aluminum layer 14 is 
wholly oxidized, and thereby a metal oxide film 20 made 
from the aluminum of the aluminum layer 14 is produced. A 
part of such metal oxide film 20 functions as a gate insulating 5 
film 22 in the flexible semiconductor device 400. 

After the formation of the metal oxide film 20 is completed, 
the resists 70 are removed as shown in FIG. 12(d). Upon 
removing the resists 70, parts of the aluminum layer 14 lami 
nated on the resists 70 are also removed. As a result, openings 
55 through which the underlying copper layer 16 is exposed 
are partially and selectively formed in the metal oxide film 20. 
The formation of the openings 55 result in the formation of 
the uncovered portions 40 which are not covered with the 
metal oxide film 20. 15 

After the formation of the uncovered portions 40 is com 
pleted, the semiconductor layer 30 is formed on the gate 
insulating film 22 as shown in FIG. 13(a). Subsequently the 
extraction electrodes 50s and 50d are formed on the metal 
oxide film 20 as shown in FIG. 13(b). In this regard, the 
extraction electrodes 50s and 50d are formed so that each of 
them is in contact with the semiconductor layer 30 and the 
underlying copper layer 16 (i.e. uncovered portions 40) which 
is exposed at the opening 55. As a result, the copper layer 16 
and the semiconductor layer 30 are electrically intercon 
nected via the uncovered portions 40. 

Then, as shown in FIG. 13(c), the resin layer 60 is formed 
over the metal oxide film 20, so that the resin layer 60 covers 
the semiconductor layer 30. Subsequently, as shown in FIG. 
13(d), some parts of the copper layer 16 are partially and 
selectively etched away, and thereby the gate electrode 12g, 
the source electrode 12s and the drain electrode 12d are 
formed from the copper layer 16. 

According to the above processes, the flexible semicon 
ductor device 400 as shown in FIG. 11 can be finally obtained. 

According to the manufacturing method as shown in FIGS. 
12 and 13, the second metal layer 16 made of copper can be 
exposed at the uncovered portions 40. Assuming that the first 
metal layer 14 made of aluminum is exposed at the uncovered 
portions 40, the aluminum tends to immediately form an 
oxide film therefrom upon being exposed to atmospheric air. 
Therefore, there is a possibility that the resistance at the 
interfaces with the extraction electrodes increases. In light of 
this, the present invention is advantageous in that the second 
metal layer 16 made of copper which is less easily oxidized 
than aluminum is exposed at the uncovered portions 40. 

Even in the above case where “the uncovered portions 
where the underlying metal is exposed through the openings 
55 are formed’, the constructional design of the semiconduc 
tor device which does not have the extraction electrodes 50s 
and 50d can be adopted. In this regard, the semiconductor 
layer 30 is formed so that the semiconductor layer directly 
contacts with the underlying copper layer 16 which is 
exposed through the openings 55 (i.e. uncovered portions 40 
of the underlying copper layer). As a result, the process of 
forming the extraction electrodes can be eliminated, which 
leads to achievement of a more simplified production of the 
flexible semiconductor device. 

In general, the present invention as described above 
includes the following aspects: 
The First Aspect: 
A method for manufacturing a flexible semiconductor 

device with its flexibility comprising the steps of: 
(i) providing a metal foil (smetal layer); 
(ii) locally oxidizing a surface region of the metal foil, and 

thereby forming a gate insulating film of a metal oxide film 
made from a metal constituent of the metal foil; 

(iii) forming a semiconductor layer on the gate insulating 
film; and 
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(iv) etching away portions of the metal foil, and thereby 

forming a gate electrode, a Source electrode and a drain elec 
trode from the metal foil, 

wherein, in the step (ii), at least one portion of the Surface 
region of the metal foil is kept from being oxidized so that 
non-oxidized portion is formed in the Surface region of the 
metal foil; and 
wherein the semiconductor layer is electrically intercon 

nected with each of the source electrode and the drain elec 
trode via each of the non-oxidized portions. 
The Second Aspect: 
The method for manufacturing the flexible semiconductor 

device according to the first aspect, wherein the metal foil 
comprises a valve metal constituent; and 

in the step (ii), the surface of the metal foil is anodically 
oxidized, and thereby forming a gate insulating film of the 
metal oxide film made from the valve metal constituent. 
The Third Aspect: 
The method for manufacturing the flexible semiconductor 

device according to the first or second aspect, wherein, in the 
step (ii), resist is provided on portions of the Surface region of 
the metal foil, which portions are intended to form the non 
oxidized portions, and Subsequently an oxidation treatment is 
applied to the whole of the metal foils surface region on 
which the resist is provided. 
The Fourth Aspect: 
The flexible semiconductor device according to any one of 

the first to third aspects, wherein, after the step (iii), an extrac 
tion electrode is formed on the metal oxide film such that the 
extraction electrode is in contact with both of the semicon 
ductor layer and each of the non-oxidized portions. 
The Fifth Aspect: 
The method for manufacturing the flexible semiconductor 

device according to any one of the first to third aspects, 
wherein, in the step (iii), the semiconductor layer is formed 
Such that the semiconductor layer is in direct contact with 
each of the non-oxidized portions. 
The Sixth Aspect: 
The method for manufacturing the flexible semiconductor 

device according to any one of the first to fifth aspects, 
whereina heat treatment is applied to the semiconductor layer 
formed in the step (iii). 
The Seventh Aspect: 
The method for manufacturing the flexible semiconductor 

device according to the sixth aspect, wherein a thermal 
annealing treatment and/or a laser annealing treatment is 
performed as the heat treatment. 
The Eighth Aspect: 
The method for manufacturing the flexible semiconductor 

device according to any one of the first to seventh aspects, 
wherein, after the step (iii), a resin layer is formed over the 
metal oxide film such that the semiconductor layer is covered 
with the resin layer. 
The Ninth Aspect: 
The method for manufacturing the flexible semiconductor 

device according to any one of the first to eighth aspects, 
further comprising a step of forming a capacitor by using the 
metal foil and the metal oxide film, 
wherein an etching is performed on the metal foil to form 

not only the electrodes but also an electrode layer of the 
capacitor, and 

wherein not only a part of the metal oxide film is used as the 
gate insulating film, but also another part of the metal oxide 
film is used as a dielectric layer of the capacitor. 
The Tenth Aspect: 
The manufacturing method of the flexible semiconductor 

device according to any one of the first to ninth aspects, 
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wherein the process for forming the semiconductor layer (i.e. 
the step (iii)) is performed as a high temperature process with 
a temperature ranging from 400° C. to 1000° C. 
The Eleventh Aspect: 
The manufacturing method of the flexible semiconductor 

device according to any one of the seventh to tenth aspects 
depending on the sixth aspect, wherein the step (iii) com 
prises: 

depositing a semiconductor material onto the gate insulat 
ing film; and 

Subjecting the deposited semiconductor material to a heat 
treatment. 

The Twelfth Aspect: 
The manufacturing method of the flexible semiconductor 

device according to any one of the first to eleventh aspects, 
wherein the metal foil is composed of a first metal layer and 
a second metal layer which are laminated to each other, and 

the first metal layer comprises a valve metal and the second 
metal layer comprises a metal other than the valve metal of the 
first metal layer. 
The Thirteenth Aspect: 
The manufacturing method of the flexible semiconductor 

device according to the twelfth aspect, wherein the first metal 
layer comprises aluminum and the second metal layer com 
prises copper. 
The Fourteenth Aspect: 
The manufacturing method of the flexible semiconductor 

device according to the twelfth or thirteenth aspect, wherein 
an interlayer is additionally formed between the first metal 
layer and the second metal layer. 
The Fifteenth Aspect: 
A flexible semiconductor device with its flexibility com 

prising: 
a metal layer comprising a gate electrode, a source elec 

trode and a drain electrode: 
a metal oxide film made from a metal constituent of the 

metal layer and formed over a surface of the metal layer; and 
a semiconductor layer formed above the gate electrode via 

the metal oxide film, 
wherein uncovered portions, each of which is not covered 

with the metal oxide film, are locally formed in the surface 
region of the metal layer (especially surfaces of “source elec 
trode' and “drain electrode’); and 

wherein the uncovered portions serve to electrically inter 
connect between the source electrode and the semiconductor 
layer and between the drain electrode and the semiconductor 
layer. 
The Sixteenth Aspect: 
The flexible semiconductor device according to the fif 

teenth aspect, wherein the metal layer is made of a valve 
metal; and 

the metal oxide film is an anodic oxide film made from the 
valve metal. 

The Seventeenth Aspect: 
The flexible semiconductor device according to the fif 

teenth or sixteenth aspect, wherein each of the gate electrode, 
the source electrode and the drain electrode has a tapered 
form in the direction of thickness thereof. 
The Eighteenth Aspect: 
The flexible semiconductor device according to any one of 

the fifteenth to seventeenth aspects, wherein each of the gate 
electrode, the source electrode and the drain electrode has a 
thickness ranging from 4 um to about 20 Jum. 
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The Nineteenth Aspect: 
The flexible semiconductor device according to any one of 

the fifteenth to eighteenth aspects, wherein the metal layer 
comprises a first metal layer and a second metal layer which 
are laminated to each other, 

the first metal layer comprises a valve metal, the second 
metal layer comprises a metal other than the valve metal of the 
first metal layer; and 

the metal oxide film is an anodic oxide film made from the 
valve metal. 
The Twentieth Aspect: 
The flexible semiconductor device according to the nine 

teenth aspect, wherein the first metal layer comprises alumi 
num and the second metal layer comprises copper. 
The Twenty-First Aspect: 
The flexible semiconductor device according to the nine 

teenth or twentieth aspect, wherein an interlayer is provided 
between the first metal layer and the second metal layer. 
The Twenty-Second Aspect: 
The flexible semiconductor device according to any one of 

the fifteenth to twenty-first aspects, wherein an extraction 
electrode, which electrically interconnects between the semi 
conductor layer and each of the uncovered portions, is formed 
on the metal oxide film. 
The Twenty-Third Aspect: 
The flexible semiconductor device according to any one of 

the fifteenth to twenty-second aspects, wherein a part of the 
metal oxide film, which part is sandwiched between the gate 
electrode and the semiconductor layer, serves as a gate insu 
lating film. 
The Twenty-Fourth Aspect: 
The flexible semiconductor device according to any one of 

the fifteenth to twenty-third aspects, wherein a resin layer is 
formed over the metal oxide film so that the semiconductor 
layer is covered with the resin layer. 
The Twenty-Fifth Aspect: 
The flexible semiconductor device according to the 

twenty-fourth aspect depending on the twenty-third aspect, 
comprising a plurality of transistor structures, each of which 
comprises the semiconductor layer, the gate insulating film, 
the gate electrode, the Source electrode and the drain elec 
trode. 
The Twenty-Sixth Aspect: 
The flexible semiconductor device according to any one of 

the fifteenth to twenty-fifth aspects, further comprising a 
capacitor, wherein an electrode layer of the capacitor is made 
of the metal layer and a dielectric layer of the capacitor is 
made of the metal oxide film. 
The Twenty-Seventh Aspect: 
The flexible semiconductor device according to the 

twenty-sixth aspect depending on the twenty-fifth aspect, 
wherein the flexible semiconductor device is a semiconductor 
device used for an image display device, wherein 

a drive circuit of the image display device comprises the 
transistor structure and the capacitor of the flexible semicon 
ductor device; and 

parts of the metal oxide film is formed in a continuous 
arrangement over the region that contains the transistor struc 
ture and the capacitor. 

Although a few embodiments of the present invention have 
been hereinbefore described, the present invention is not lim 
ited to these embodiments. It will be readily appreciated by 
those skilled in the art that various modifications are possible 
without departing from the scope of the present invention. For 
example, the following modified embodiments are possible. 

Each pixel may comprise not only two TFT elements (the 
first TFT element and the second TFT element) but also more 
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than three elements depending on the constructional design of 
the display. As a result, the flexible semiconductor device of 
the present embodiment may be modified according to Such 
constructional design. 

In each of the above embodiments, although the present 5 
invention has been described with respect to the flexible semi 
conductor device which is mounted on an organic EL display, 
the flexible semiconductor device of the present invention 
may be mounted on an inorganic EL display. Moreover, the 
flexible semiconductor device may be mounted not only on 
the EL display but also on an electronic paper. Furthermore, it 
is possible that the flexible semiconductor device of the 
present invention is mounted not only on the display device 
but also on communication facilities (e.g. RFID), memories 
and so on. 
The several embodiments wherein each one flexible semi 

conductor device is manufactured in the form corresponding 
to one device have been described above. While not being 
limited thereto, the present invention can be performed such 
that the flexible semiconductor devices are manufactured in 
the form corresponding to two or more devices. As an 
example of Such manufacturing form, a roll-to-roll process 
may be adopted. 

In the flexible semiconductor device of the present inven 
tion, as shown in FIG. 15, another gate electrode may be 
further formed on the semiconductor layer. That is, the flex 
ible semiconductor device may be a flexible semiconductor 
device 500 with a double gated structure. When the double 
gated structure is adopted, compared with the case where the 
number of the gate electrode is one, more electric current can 
be passed between the source electrode and the drain elec 
trode. Moreover, even in the case where the same amount of 
electric current as that of the device with one gate electrode is 
supplied, it is capable to relatively reduce the amount of 
electric current flowing through a channel. As a result, the 
gate Voltage can be decreased. In addition, two gate elec 
trodes can be used independently, making it possible to 
change the threshold Voltage of the semiconductor device, 
which leads to an achievement of a reduced variation in the 
semiconductor devices. Furthermore, another merit can be 
provided when one gate electrode is used for modulation 
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purposes, in that different output size and/or frequency output 40 
can be utilized. 

INDUSTRIAL APPLICABILITY 

The manufacturing method of the flexible semiconductor 
device of the present invention is excellent in the productivity 
of a flexible semiconductor device. The resulting flexible 
semiconductor device can also be used for various image 
display parts, and also can be used for an electronic paper, a 
digital paper and so forth. For example, the flexible semicon 
ductor device can be used for a television picture indicator as 
shown in FIG. 16, the image display part of a cellular phone 
as shown in FIG. 17, the image display part of a mobile 
personal computer or a notebook computer as shown in FIG. 
18, the image display part of a digital still camera and a 
camcorder as shown in FIGS. 19 and 20, the image display 
part of an electronic paper as shown in FIG.21 and so on. The 
flexible semiconductor device obtained by the manufacturing 
method of the present invention can also be adapted for the 
various uses (for example, RF-ID, a memory, MPU, a solar 
battery, a sensor and so forth) which application is now con 
sidered to be adapted by the printing electronics. 

CROSS REFERENCE TO RELATED PATENT 
APPLICATION 

The present application claims the right of priority of Japan 
patent application No. 2008-294119 (filing date: Nov. 18. 
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2008, title of the invention: FLEXIBLE SEMICONDUC 
TORDEVICE AND METHOD FOR MANUFACTURING 
THE SAME), the whole contents of which are incorporated 
herein by reference. 

EXPLANATION OF REFERENCE NUMERALS 

10: metal foil/metal layer 
10A, 10B: metal foil/metal layer 
12d: drain electrode 
12g: gate electrode 
12s: source electrode 
12Ad: drain electrode 
12Ag: gate electrode 
12AS: source electrode 
12Bd: drain electrode 
12Bg: gate electrode 
12Bs: source electrode 
14: 
15: 
16: 
17: 
18: 
2O: 

first metal layer 
wiring layer 
second metal layer 
via (via-hole) 
interlayer 
metal oxide film (surface metal oxide film) 

20A, 20B: metal oxide film (surface metal oxide film) 
22: gate insulating film 
22A, 22B: gate insulating film 
30: semiconductor layer 
30A, 30B: semiconductor layer 
32s, 32d. extended parts of a semiconductor layer 
35: contact portion 
40, 44, 46: non-oxidized portion/uncovered portion 
40A, 40B: non-oxidized portion/uncovered portion 
50s, 50d: extraction electrode 
50As, 50Ad: extraction electrode 
50Bs, 50Bd: extraction electrode 
55: 
60: 
TO: 
80: 
82: 
84: 
86: 
92: 
94: 
96: 
1OO 

opening 
resin layer 
resist (resist layer/resist pattern) 
capacitor 
lower electrode layer 
dielectric layer 
upper electrode layer 
data line 
selection line 
power source line 
, 200, 300, 400, 500: flexible semiconductor device 

200A: switching transistor structure 
200B: driving transistor structure 
300A: switching transistor structure 
300B: driving transistor structure 

The invention claimed is: 
1 
a 

a 

a 

a 

. A flexible semiconductor device comprising: 
metal layer comprising a gate electrode, a source elec 
trode and a drain electrode: 
metal oxide film, wherein the metal oxide film is an 
oxidized portion of a Surface region of the metal layer, 
semiconductor layer formed above the gate electrode via 
the metal oxide film; and 
first extraction electrode and a second extraction elec 
trode, 

wherein the first extraction electrode is arranged on the 
metal oxide film such that the metal oxide film is sand 
wiched between the first extraction electrode and the 
Source electrode, and the second extraction electrode is 
arranged on the metal oxide film Such that the metal 
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oxide film is sandwiched between the second extraction 
electrode and the drain electrode, 

wherein uncovered portions are locally formed in the sur 
face region of the metal layer such that each of the 
uncovered portions of the surface region of the metal 
layer is not covered with the metal oxide film, 

wherein, via the uncovered portions, the source electrode 
and the semiconductor layer are electrically intercon 
nected, and also the drain electrode and the semiconduc 
tor layer are electrically interconnected, 

wherein the metal layer, from which the gate, source and 
drain electrodes are provided, is made of a metal foil, 

wherein each of the uncovered portions of the metal foil 
serves as an interlayer connecting portion, and a part of 
the oxidized portion of the metal foil is a gate insulating 
film, 

wherein the metal layer comprises a first metal layer and a 
second metal layer, 

wherein the first metal layer comprises a valve metal and 
the second metal layer comprises a metal other than the 
valve metal, 

wherein the metal oxide film is an anodic oxide film made 
from the valve metal, 

wherein the metal oxide film is an oxidized portion of a 
surface region of only the first metal layer, and 

wherein the oxidized portion of the surface region of the 
first metal layer includes an upper surface and side sur 
faces of the first metal layer. 

2. The flexible semiconductor device according to claim 1, 
wherein the first and second extraction electrodes electrically 
interconnect between the semiconductor layer and each of the 
uncovered portions, the first and second extraction electrodes 
being positioned on the metal oxide film provided at the 
Surface region of the metal foil. 

3. The flexible semiconductor device according to claim 2, 
wherein the gate, source and drain electrodes which are made 
of the metal foil are positioned such that the gate, source and 
drain electrodes are all flush with each other. 

4. The flexible semiconductor device according to claim3, 
wherein each of the gate electrode, the source electrode and 
the drain electrode has a tapered form in the direction of 
thickness thereof. 
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5. The flexible semiconductor device according to claim 1, 

wherein an interlayer is formed between the first metal layer 
and the second metal layer. 

6. The flexible semiconductor device according to claim 1, 
wherein the first and second extraction electrodes electrically 
interconnect between the semiconductor layer and each of the 
uncovered portions. 

7. The flexible semiconductor device according to claim 1, 
wherein a part of the metal oxide film, which part is sand 
wiched between the gate electrode and the semiconductor 
layer, functions as a gate insulating film. 

8. The flexible semiconductor device according to claim 7. 
further comprising a plurality of transistor structures, each of 
which comprises the semiconductor layer, the gate insulating 
film, the gate electrode, the source electrode and the drain 
electrode. 

9. The flexible semiconductor device according to claim8, 
further comprising a capacitor, wherein an electrode layer of 
the capacitoris formed of the metal layer and a dielectric layer 
of the capacitor is formed of the metal oxide film. 

10. The flexible semiconductor device according to claim 
9, wherein the flexible semiconductor device is a semicon 
ductor device used for an image display device, 

wherein a drive circuit of the image display device com 
prises the transistor structure and the capacitor of the 
flexible semiconductor device, and 

wherein the metal oxide film is formed in a continuous 
arrangement in the region that contains the transistor 
structure and the capacitor. 

11. The flexible semiconductor device according to claim 
1, wherein the source electrode, the drain electrode and the 
gate electrode are flush with each other. 

12. The flexible semiconductor device according to claim 
1, wherein the first extraction electrode is arranged on the 
metal oxide film such that the metal oxide film is sandwiched 
between the first extraction electrode and the gate electrode, 
and the second extraction electrode is arranged on the metal 
oxide film such that the metal oxide film is sandwiched 
between the second extraction electrode and the gate elec 
trode. 


